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ABSTRACT
T h is  d i s s e r t a t i o n  has a p p r o x im a t e ly  doub led the  e x t a n t  l i t e r a t u r e  
on c i r c u l a t i n g  p r o l a c t i n  l e v e l s  In f i s h e s  and has t h e r e f o r e  added 
c o n s id e r a b le  b a s e l i n e  i n f o r m a t i o n  t o  t h i s  t o p i c .
In an i n v e s t i g a t i o n  o f  a p o s s ib l e  s t r e s s  response o f  serum 
p r o l a c t i n  c o n c e n t r a t i o n s  in  f i s h ,  s e r i a l l y  sampled g o l d f i s h  Carass I u s 
a u ra tu s  d id  no t  have s i g n i f i c a n t  v a r i a t i o n s  in  serum p r o l a c t i n  between 
30 s and 3 min a f t e r  i n i t i a l  c a p tu r e .  A marked decrease was noted 
9~ 17 m i n a f t e r  i n i t i a l  c a p tu re  fo l l o w e d  by a re co ve ry  a t  30- i *8 m in .  
A l th o u g h  th e re  was a c i r c a d i a n  v a r i a t i o n  in  p r o l a c t i n  c o n c e n t r a t i o n ,  
the p a t t e r n  o f  response t o  c a p tu re  and sam pl ing  d id  no t  va ry  
s i g n i f i c a n t l y  among the  th re e  t e s t i n g  p e r io d s  ( b e g in n in g ,  m id d le  and 
end o f  a 12 h d a i l y  p h o t o p e r i o d ) .
The p h o to p e r io d  was demons t ra ted  t o  In f l u e n c e  the  c i r c u l a t i n g  
p r o l a c t i n  rhy thm. G u l f  k i t t i f i s h  Fundulus g ra n d is  a c c l im a te d  to  one 
o f  two d a i l y  p h o to p e r io d s  ( I5 L :9 D  o r  9L :15D ) ,  had d i f f e r e n c e s  in  
c i r c a d i a n  rhythms o f  serum p r o l a c t i n .  The t im e o f  i n c r e a s in g  t i t e r s  
o f  serum p r o l a c t i n  o c c u r re d  10 h a f t e r  the  o f f s e t  o f  l i g h t  and the 
t ime o f  d e c re a s in g  t i t e r s  o f  serum p r o l a c t i n  o c c u r re d  10 h a f t e r  the 
onset  o f  l i g h t  on bo th  p h o t o p e r i o d i c  schedu les .
The p r o l a c t i n  rhythm d id  n o t  cause a c i r c a d i a n  s a l i n i t y  p re fe re n c e  
in  G u l f  k i l l i f i s h  Fundulus grand i s . However, f  i sh a c c 1i mated to  a 
15 L : 9D p h o to p e r io d  s e le c t e d  le s s  s a l i n e  w a te rs  than c o n s p e c i f i c s  
a c c l im a te d  t o  e i t h e r  12L:12D o r  9 L : I5 D .
v i i
Seasonal changes In th e  p r o l a c t i n  rhy thm were no te d .  The fo rm o f  
the  c i r c a d i a n  rhythm o f  serum p r o l a c t i n  and the  t im e  o f  day o f  In c r e a s in g  
p r o l a c t i n  t i t e r s  d i f f e r e d  among s t r i p e d  m u l l e t  H u g i l  cepha lus  c o l l e c t e d  
a t  th r e e  d i f f e r e n t  seasons ( w i n t e r ,  summer, f a l l ) .  These d i f f e r e n c e s  
d id  not show a c o n s i s t e n t  c o r r e l a t i o n  w i t h  any a spec t  o f  the p h o to p e r io d  
and suggest t h a t  the  t im e i n t e r v a l  f rom e n v i ro n m e n ta l  e n t r a i n i n g  
s t im u lu s  t o  hormone re le a s e  may undergo seasonal  changes and may be 
c o n t r o l l e d  by an endogenous c i r c a n n u a l  mechanism.
These r e s u l t s  have s p e c i f i c  i m p l i c a t i o n s  t o  e n d o c r i n o l o g i s t s  and 
e c o l o g i s t s  i n t e r e s t e d  in  hormonal a n d /o r  e n v i ro n m e n ta l  i n t e g r a t i o n  o f  
f i s h e s .  They may a l s o  o f f e r  m a r i c u l t u r i s t s  i n s i g h t s  i n t o  methods f o r  
c o n t r o l l i n g  g row th  and r e p r o d u c t i o n  in  f i s h e s .
v i 1 i
GENERAL INTRODUCTION
T h is  d i s s e r t a t i o n  c o n s i s t s  o f  f o u r  i n d i v i d u a l  s t u d ie s  d e a l i n g  
w i t h ,  o r  r e l a t i n g  t o ,  d a l l y  p r o l a c t i n  rhythms in  f i s h e s .  Each s tu d y  
has been w r i t t e n  as a comp le te  u n i t  In a fo rm c o n s i s t e n t  w i t h  p re se n t  
p u b l i c a t i o n  p r a c t i c e s  ( I . e . ,  se p a ra te  s e c t i o n s  f o r  i n t r o d u c t i o n ,  
methods and m a t e r i a l s ,  r e s j l t s  and d i s c u s s i o n ) .
P r o l a c t i n  rhythms were s e le c te d  as a d i s s e r t a t i o n  t o p i c  because 
they have been i m p l i c a t e d  in a w ide v a r i e t y  o f  seasonal  a d a p t a t io n s  
in  some v e r t e b r a t e s ,  i n c l u d i n g  f i s h e s  ( f o r  r e fe re n c e s  see M e le r ,  1975). 
P r o l a c t i n  i n j e c t i o n s  e l i c i t  w id e l y  d i f f e r e n t ,  even a n t i t h e t i c a l  
responses ( i . e . ,  in c re a se  o f  f a t  s to re s  ve rsus  decrease o f  f a t  s t o r e s )  
depending on the  t im e  o f  day o f  the i n j e c t i o n s .  P r o l a c t i n  I n j e c t i o n s  
a re  th ro u g h  to  mimic  the  endogenous c i r c a d i a n  rhy thm o f  p i t u i t a r y  
p r o l a c t i n  re le a s e  (M e ie r ,  1972). The a b i l i t y  o f  p r o l a c t i n  t o  e l i c i t  
d i f f e r e n t  responses due t o  the t ime o f  i n j e c t i o n  has been h yp o th es ize d  
to  be dependent on the  phase an g le  between the  i n j e c t e d  p r o l a c t i n  and 
the c i r c a d i a n  peak o f  endogenous c i r c u l a t i n g  a d r e n o c o r t I c o i d s  (M e ie r ,  
1972). The t ime dependent r e l a t i o n s h i p  between two hormones ( e i t h e r  
i n j e c t e d  o r  endogenous) has been termed a tempora l  synerg ism  (Meie r  
e t  a]_. , 1971) .
A c l a s s i c  example o f  tempora l  synerg isms i s  noted In the  m ig r a t o r y  
b e h a v io r  o f  the w h i t e - t h r o a t e d  spa r row ,  Z o n o t r i c h l a  a l b i c o l l l s . In the 
f a l l ,  w h i t e - t h r o a t e d  sparrows m ig ra te  t o  s o u th e a s te rn  U n i te d  S ta te s  and 
o v e r w i n t e r ;  In th e  s p r in g  they  r e t u r n  t o  n o r t h e r n  N o r th  Amer ica  and 
breed. In an e x te n s i v e  s e r i e s  o f  s t u d i e s ,  Meie r  and a s s o c ia te s  ( f o r  
re fe re n c e s  see M e ie r ,  1973) have dem ons t ra ted  t h a t  tempora l  synerg isms
I
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o f  p r o l a c t f n  and c o r t i c o s t e r o n e  are  i n v o l v e d  in  th e  c o n t r o l  o f  t h i s  
m i g r a t o r y  c y c l e .
in  w h i t e - t h r o a t e d  sparrows m a in ta in e d  in  c o n s ta n t  l i g h t  c o n d i t i o n s  
( t o  e l i m i n a t e  the endogenous c o r t i c o s t e r o n e  rh y th m ) ,  p r o l a c t i n  
i n j e c t i o n s  g ive n  d a i l y  1* h a f t e r  c o r t i c o s t e r o n e  I n j e c t i o n s  caused the 
a n im a ls  to  assume a p h y s i o l o g i c a l  f a l l  p o s tu re .  That  I s ,  f a t  s t o r e s  
were in c re a s e d ,  as in p r e p a r a t i o n  f o r  m i g r a t i o n ;  the  a n im a ls  e x h i b i t e d  
n o c tu r n a l  r e s t l e s s n e s s ,  an index o f  m ig r a t o r y  ' e h a v l o r ;  the  n o c tu r n a l  
r e s t l e s s n e s s  was o r i e n t e d  sou thward ,  the  d i r e c t i o n  o f  the  f a l l  m i g r a t i o n ;  
and the r e p r o d u c t i v e  system was p h o t o r e f r a c t o r y ,  i n c a p a b le  o f  p h o to -  
p e r i o d i c  s t i m u l a t i o n .  P r o l a c t i n  I n j e c t i o n s  g ive n  8 h a f t e r  c o r t i c o s t e r o n e  
i n j e c t i o n s  caused the b i r d s  t o  assume a summer p o s tu r e .  The b i r d s  were 
lean ,  p h o t o r e f r a c t o r y ,  and d id  no t  show m i g r a t o r y  r e s t l e s s n e s s .  In 
c o n t r a s t ,  p r o l a c t i n  i n j e c t i o n s  g iven  12 h a f t e r  c o r t i c o s t e r o n e  caused 
a s p r i n g  p h y s i o l o g i c a l  p o s tu r e .  The sparrows were f a t ,  a g a in  e x h i b i t e d  
m i g r a t o r y  r e s t l e s s n e s s  bu t  t h i s  t ime w i t h  a n o r thw ard  o r i e n t a t i o n ,  and 
the r e p r o d u c t i v e  system was In a p h o t o s e n s i t i v e  phase. That I n j e c t i o n  
e xper im en ts  were in  f a c t  m im ick in g  n a t u r a l  mechanisms was s u b s t a n t i a t e d  
in  p a r t  by assays o f  endogenous p r o l a c t i n  and c o r t i c o s t e r o n e .  In A u g u s t ,  
the  peaks o f  c i r c a d i a n  p i t u i t a r y  p r o l a c t i n  and the  c i r c a d i a n  rhythm o f  
plasma c o r t i c o s t e r o n e  had a 6 h i n t e r v a l  whereas In Hay, d u r in g  the  
s p r in g  m i g r a t o r y  p e r i o d ,  the  hormone peaks were separa ted  by 12 h.
Thus, In one animat the tempora l  r e l a t i o n s h i p s  o f  a d r e n o c o r t I c o I d  
and p r o l a c t i n  rhythms a re  in  p a r t  r e s p o n s ib le  f o r  seasonal d i f f e r e n c e s  
i n  gonadal g ro w th ,  f a t t e n i n g  and b e h a v io r .  I f  the  w h i t e - t h r o a t e d  
sparrow  were the o n ly  v e r t e b r a t e ,  o r  i f  b i r d s  were th e  o n l y  c l a s s  o f  
v e r t e b r a t e s  t h a t  demonstra ted  tempora l  synerg isms then work on c i r c a d i a n
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hormone rhy thm s,  p a r t i c u l a r l y  p r o l a c t i n  rhy thms,  m igh t  be o f  l i m i t e d  
i n t e r e s t .  However, tem pora l  d i f f e r e n c e s  In  response t o  p r o l a c t i n  
i n j e c t i o n s  have been found (n a l l  c la s s e s  o f  v e r t e b r a t e s  t h a t  have been 
te s te d  (Agnatha and C hond r Ich thyes  a re  y e t  u n te s te d )  (M e ie r ,  1975). 
T h e r e fo r e ,  r a t h e r  than be ing  a r e s t r i c t e d  av ta n  phenomenon, tempora l  
synerg isms a re  a p p a r e n t l y  im p o r ta n t  mechamlsms In a v a r i e t y  o f  
v e r t e b r a t e s .  I t  f o l l o w s  t h a t  the  s tu d y  o f  p r o l a c t i n  rhythms shou ld  be 
o f  i n t e r e s t  to  a v a r i e t y  o f  d i s c i p l i n e s .  For example, the  s tudy  o f  
p r o l a c t i n  rhythms has im p o r ta n t  i m p l i c a t i o n s  t o  the  e n d o c r i n o l o g i s t  
examin ing  the p h y s io lo g y  o f  p r o l a c t i n ,  t o  the  e c o l o g i s t  i n t e r e s t e d  in  
the mechanisms whereby an an ima l  undergoes seasonal c y c le s  and m a in t a i n s  
i t s e l f  in  synchrony  w i t h  the  e n v i ro n m e n t ,  o r  t o  the  c u l t u r i s t  d e s i r i n g  
an u n d e rs ta n d in g  o f  the  hormonal mechamisms in v o lv e d  in  g row th  and 
r e p r o d u c t i o n  in  o rd e r  t o  i n i t i a t e  o r  a l t e r  them.
These i m p l i c a t i o n s  and o th e r s  in h e r e n t  In  the  s tu d y  o f  p r o l a c t i n  
rhythms a re  d e a l t  w i t h  in  the  c o n c lu d in g  d i s c u s s i o n  o f  the  d i s s e r t a t i o n  
and in  the  i n d i v i d u a l  d i s c u s s io n s  o f  the  f o l l o w i n g  f o u r  s t u d i e s .  The 
f i r s t  s t u d y ,  "S h o r t -T e rm  Serum P r o l a c t i n  C o n c e n t ra t i o n s  in  G o l d f i s h  
(C a ra ss lu s  a u r a t u s ) S u b je c te d  t o  S e r i a l  Sampling and R e s t r a i n t , "  was 
unde r taken  t o  d e te rm in e  i f  p r o l a c t i n  l e v e l s  changed In response to  
s a m p l in g .  T h is  s tu d y  was a p r e l i m i n a r y  exp er im e n t  t o  t e s t  i f  I c o u ld  
r e l i a b l y  measure normal o r  u n s t re sse d  p r o l a c t i n  v a lu e s  in  f i s h .  The 
second s tu d y ,  " P h o t o p e r i o d i c  E f f e c t s  on C i r c a d ia n  L e ve ls  o f  Serum 
P r o l a c t i n  in  the  G u l f  K i l l l f T s h ,  Fundulus grand I s "  was done t o  d e te rm in e  
i f  the  G u l f  k i l l i f i s h  have c i r c a d i a n  rhythms o f  serum p r o l a c t i n  and I f  
t h i s  rhy thm Is  a f f e c t e d  by the p h o t o p e r io d .  The t h i r d  s t u d y ,  " P h o to -  
p e r i o d i c  E f f e c t s  on S a l i n i t y  S e l e c t i o n  in  the  G u l f  K i l l i f i s h ,  Fundulus
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grand I s "  was done t o  d e te rm in e  I f  the  c i r c a d i a n  p r o l a c t i n  rhythm 
m igh t  cause c i r c a d i a n  s a l i n i t y  p r e fe r e n c e s ,  and I f  the  p h o to p e r io d  
has an e f f e c t  on s a l i n i t y  p r e fe r e n c e s ,  In G u l f  k i l l i f i s h .  The f o u r t h  
and f i n a l  s tu d y ,  "Seasona l  V a r i a t i o n s  In C i r c a d ia n  Leve ls  o f  Serum 
P r o l a c t i n  in  S t r i p e d  M u l l e t ,  M u g l1 cepha1 u s "  was accompl ished to  
d e te rm in e  I f  t h e re  a re  seasonal v a r i a t i o n s  In c i r c a d i a n  p r o l a c t i n  
rhythms in  f i s h .
STUDY 1
Shor t -Term  Serum P r o l a c t i n  C o n c e n t ra t io n s  tn 
(C arass ius  a u ra tu s )  Sub jec ted  to  S e r ia l  Sampling
G o ld f i s h  
and R e s t r a i n t
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INTRODUCTION
In v e s t i g a t o r s  invo lve d  In assay ing  hormones need to  be c o n f id e n t  
t h a t  they are  measur ing hormone le v e l s  unbiased by the s t r e s s  o f  the 
sampling p rocedure .  A l though  p r o l a c t i n  Is  re leased in mammals in 
response to  a v a r i e t y  o f  s t r e s s  s t i m u l i  I n c lu d in g  sampling techn iques  
( f o r  re fe re n ce s  see H o r ro b in ,  1973), In most s tu d ie s  p r o l a c t i n  was 
measured a f t e r  an i n t e r v a l  o f  hours o r  days f o l l o w i n g  the i n i t i a l  
a p p l i c a t i o n  o f  s t r e s s .  However, A j l k a  and co -worke rs  (1972) re p o r ted  
s i g n i f i c a n t  inc reases  in  plasma p r o l a c t i n  c o n c e n t ra t io n s  w i t h i n  2 min 
In r a t s  su b je c te d  t o  the s t r e s s  o f  e t h e r i z a t i o n  and b le e d in g .  I was 
unab le  to  lo c a te  s i m i l a r  s tu d ie s  on f i s h .
Th is  i n v e s t i g a t i o n  was under taken t o  de te rm ine  whether ra p id  
changes occur  in  serum p r o l a c t i n  c o n c e n t ra t io n s  in  g o l d f i s h  sub je c te d  
to  b lood sampling and r e s t r a i n t .  Because c i r c a d i a n  rhythms in  p i t u i t a r y  
p r o l a c t i n  co n te n t  (de Vlaming e t  a j_ ., in  p ress )  and plasma p r o l a c t i n  
c o n c e n t ra t io n s  (L e a the r la nd  and HcKeown, 1973) have been observed In 
f i s h e s ,  the p o s s l b l i t y  th a t  the s h o r t - t e r m  response to  s t r e s s  may vary  
d u r in g  the  day was a l s o  i n v e s t i g a te d .
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METHODS AND MATERIALS
Seven- Inch  g o l d f i s h  were o b ta in e d  from Ozark F i s h e r i e s  and he ld  
f o r  3 wk (June)  In 2^0-1 I t e r  a e ra te d  c o n t a i n e r s ,  n in e  f i s h  per  
c o n t a i n e r .  The w a te r  te m p e ra tu re  and l i g h t  reg ime were m a in ta in e d  
a t  21 t  2°C and 12L:12D. The p e r io d  o f  l i g h t  I n c o rp o ra te d  a 
s im u la te d  t w i l i g h t ;  t h a t  i s ,  15 min o f  dim l i g h t  b e fo re  and a f t e r  11.5 h 
o f  b r i g h t  l i g h t .  The f i s h  were fed a commerc ia l  f l a k e  food (T e t ra M ln )  
da i I y ad  ̂ l i b .
Blood samples were taken by h e a r t  p u n c tu re  from 3** v i s h ;  11 a t  the 
b e g in n in g ,  12 a t  the m id d le ,  and 11 a t  the  end o f  the  l i g h t  p e r io d .  
A p p ro x im a te ly  0 .3  ml b lood was w i thd raw n  a t  i n t e r v a l s :  w i t h i n  0 .5 ,
0 .5  to  2, and 2 to  3 m in .  A f t e r  I removed t h r e e  s e r i a l  samples from 
a g o l d f i s h  i t  was r e s t r a i n e d  in  a n y lo n  s t o c k in g  and re tu rn e d  t o  w a te r  
( a p p ro x im a te ly  2-3 mtn a f t e r  c a p t u r e ) .  A d d i t i o n a l  b lood  (0 .3  m l /sa m p le )  
was taken by h e a r t  p u n c tu re  a t  9 -17  and 30-1(8 min a f t e r  c a p tu r e .  The 
t o t a l  t ime In v o lv e d  in t a k i n g  b lood  from the  th re e  g roups o f  f i s h  
ranged f rom 51 to  68 m in .  The b lood was a l lo w e d  t o  c l o t  under 
r e f r i g e r a t i o n ,  was c e n t r i f u g e d ,  and the  serum was drawn o f f  and s to re d  
f ro z e n  in  50 jul d is p o s a b le  p i p e t t e s .
The p r o l a c t i n  assay was accompl ished  w i t h  a doub le  a n t i b o d y  
te ch n iq u e  (m o d i f i e d  from A ra l  and Lee, 1967) u s in g  a n t i s e ru m  to  p o l l o c k  
p r o l a c t i n  (Emmart-McKeown Lo t  #32) and ^ 5 |  la b e le d  o v in e  p r o l a c t i n .
The s p e c i f i c i t y  o f  the a n t l s e ru m  to  f i s h  p r o l a c t i n  was c o n f i rm e d  by 
p i t u i t a r y  l o c a l i z a t i o n  as d e s c r ib e d  by Emnart and c o -w o rk e rs  (1 966 ) .  
Ovine p r o l a c t l n e  (N IH-P-S-10)  was l o d in a t e d  a c c o rd in g  t o  Greenwood
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and c o -w o rk e rs  (1963) w i t h  m ino r  m o d i f i c a t i o n s .  D u p l i c a t e  d i l u t e d  
(1:1»0) serum samples ( 0 .5  m l)  were Incubated  (1t°C) w i t h  0,1 ml 
a n t I p r o l a c t i n  (1 :100)  f o r  3 days fo l l o w e d  by an a d d i t i o n a l  3 day 
I n c u b a t io n  w i t h  0.1 ml i o d ln a te d  p r o l a c t i n  ( a p p ro x im a te ly  8 ,000 cp m ) .
The a n t i p r o l a c t i n  was p r e c i p i t a t e d  w i t h  0.1 ml goat  a n t l r a b b l t  gamma 
g l o b u l i n  (Cappre l if6*t71 -  d i l u t e d  1 t o  5) d u r in g  a f i n a l  3 day i n c u b a t i o n .  
The p r e c i p i t a t e  was d i s s o l v e d  (0 .1  ml 0.01 N NaOH) and d i l u t e d  w i t h  
1 ml w a t e r .  One ml o f  the  r e s u l t i n g  s o l u t i o n  was added t o  10 ml o f  
s c i n t i l l a t i o n  c o c k t a i l  (750 ml t o l u e n e ,  250 ml T r i t o n  X-100, g PP0) 
and counted (Beckman -  LS 100C). A more d e t a i l e d  d e s c r i p t i o n  o f  both  
the I o d i n a t i o n  p rocedu re  and the  assay a re  a v a i l a b l e  e lsew here  (Appendix 
1) .
P u r i f i e d  g o l d f i s h  p r o l a c t i n  was no t  a v a i l a b l e  as a s tanda rd  and 
co n s e q u e n t ly  no p r e c i s e  q u a n t i t a t i v e  da ta  c o u ld  be o b t a in e d .  However, 
r e l a t i v e  changes in  p r o l a c t i n  l e v e l s  were a s c e r ta in e d  by r e f e r r i n g  a l l  
da ta  t o  a r e fe re n c e  assay o f  a serum p o o l .  The d a ta  were t e s te d  f o r  
s t a t i s t i c a l  s i g n i f i c a n c e  by an a n a l y s i s  o f  v a r ia n c e  (Snedecor and 
Cochran, 1967).
RESULTS AND DISCUSSION
The serum p r o l a c t i n  response t o  the h a n d l in g  and samp l ing  
te ch n iq u e  Is d e p ic te d  f o r  the 3*t g o l d f i s h  ( F i g .  1 ) .  There  were no 
s i g n i f i c a n t  changes (P > .05)  In p r o l a c t i n  l e v e l s  d u r in g  the  f i r s t  
th re e  sampl ing  p e r io d s  (0 .5  -  3 min a f t e r  I n i t i a l  c a p t u r e ) .  In 
c o n t r a s t ,  t h e re  was a sharp decrease In c i r c u l a t i n g  p r o l a c t i n  measured 
a t  a p p ro x im a te ly  12 min a f t e r  I n i t i a l  c a p tu re  (P < .0 1 ) .  At
a p p ro x im a te ly  ^0 min a f t e r  c a p tu re  the p r o l a c t i n  l e v e l s  had re tu rn e d  
t o  p re v io u s  l e v e l s .  T h is  p a t t e r n  o f  response d id  no t  d i f f e r  
s i g n i f i c a n t l y  (P > .05)  among the th re e  t imes o f  day ( b e g in n in g ,  
m id d le  and end o f  the l i g h t  p e r io d )  when th e  f i s h  were sampled.
The decrease In  c o n c e n t r a t i o n  o f  c i r c u l a t i n g  p r o l a c t i n  t h a t  was 
measured about 12 min a f t e r  the  i n i t i a l  c a p tu re  may have r e s u l t e d  from 
an inc rease  in  p r o l a c t i n  d isa p p e a ra n c e ,  perhaps by t i s s u e  u p ta ke ;  from 
d i l u t i o n  by up take  o f  w a t e r ;  f rom a r e d u c t i o n  in  p i t u i t a r y  p r o l a c t i n  
s e c r e t i o n ;  o r  by a c o m b in a t io n  o f  these f a c t o r s .  L e a th e r la n d  and 
McKeown (1973) mentioned an Immediate d e c l i n e  In  c i r c u l a t i n g  p r o l a c t i n  
l e v e l s  in  g o l d f i s h  t r a n s f e r r e d  from one f r e s h  w a te r  aquar ium to  a n o th e r .  
In a s tudy  w i t h  r a t s ,  a decrease  in  c o n c e n t r a t i o n  o f  plasma p r o l a c t i n  
o c cu r re d  in  10 min a f t e r  i n j e c t i o n s  o f  nembutal ( A j i k a  et^ a_l_., 1972). 
A j i k a  and co -w o rk e rs  a t t r i b u t e d  t h i s  d e c l i n e  t o  a r e d u c t i o n  In s e c r e t i o n  
o f  p r o l a c t i n .  However, s t r e s s - I n d u c e d  t i s s u e  up take  o f  p r o l a c t i n  may 
be an e q u a l l y  a c c e p ta b le  a l t e r n a t e  h y p o t h e s i s .
In t h i s  s tu d y ,  the  p o s s i b i l i t y  o f  b lood  d i l u t i o n  by up take  o f  w a te r  
is  an e s p e c i a l l y  n o te w o r th y  c o n s i d e r a t i o n .  A f t e r  I n i t i a l  c a p t u r e ,  the
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f i s h  were he ld  o u t  o f  w a te r  f o r  th e  removal o f  the f i r s t  th re e  samples. 
They were then re tu rn e d  t o  the w a te r  p r i o r  t o  the  f o u r t h  sam p l ing .  I t  
has been re p o r te d  t h a t  b lood  volume i s  r a p i d l y  r e s to r e d  in  ca rp  a f t e r  
they  are  re  Immersed In  w a te r  ( A v t a l i o n  et_ a_j_., 1970). Because I 
removed approx im ate1y  20% o f  the b lood  f rom the  g o l d f i s h  In the f i r s t  
th re e  samples, rep lacement  o f  t h i s  volume w i t h  w a te r  may have been 
re s p o n s ib le  f o r  a t  l e a s t  a p o r t i o n  o f  the r e d u c t i o n  In p r o l a c t i n  
c o n c e n t r a t i o n  noted in  the samples taken a t  12 m in .  The r e t u r n  to  
i n i t i a l  l e v e l s  noted a t  1*0 min may a l s o  have r e s u l t e d  from one o r  more 
p o s s i b i l i t i e s .  I t  may be the b e g in n in g  o f  a s t r e s s - l i n k e d  re le a s e  o f  
p r o l a c t i n  such as re p o r te d  in  some mammals ( H o r r o b ln ,  1973). Inasmuch 
as L e a th e r la n d  and McKeown (1973) suggested t h a t  the  r a t e  o f  usage o f  
p r o l a c t i n  in  g o l d f i s h  may c o n t r o l  the  a c t i v i t y  o f  p i t u i t a r y  p r o l a c t i n  
c e l t s ,  the  r e t u r n  t o  i n i t i a l  l e v e l s  a f t e r  1*0 min may have been a 
compensato ry  response o f  the  p r o l a c t i n  c e l l s  to  the reduced l e v e l s  o f  
c i r c u l a t i n g  p r o l a c t i n .  In a d d i t i o n ,  because p r o l a c t i n  s e c r e t i o n  Is  
s t im u la t e d  in  v i t r o  in  f i s h  p t t u i t a r l e s  by a r e d u c t i o n  o f  o sm o t ic  
c o n c e n t r a t i o n  ( I n g l e t o n  et^ a j_ . , 1973), the in c re a se  o f  serum p r o l a c t i n  
c o n c e n t r a t i o n s  may have been a p i t u i t a r y  response t o  b lood  d i l u t i o n .  
Whatever  the  cause f o r  the changes In  p r o l a c t i n  c o n c e n t r a t i o n  measured 
a t  12 and kO  min a f t e r  I n i t i a l  c a p t u r e ,  the  f a c t  t h a t  th e re  were no 
s i g n i f i c a n t  changes d u r in g  the f i r s t  3 min (assuming l i t t l e  change In 
the f i r s t  30 s) in  a l l  groups te s te d  i n d i c a t e s  t h a t  I n v e s t i g a t o r s  have 
a minimum o f  3 min f o r  sampling g o l d f i s h  w i t h o u t  s i g n i f i c a n t l y  
a l t e r i n g  p r o l a c t i n  l e v e l s .
The p a t t e r n  ( F ig .  2) o f  the  c i r c a d i a n  v a r i a t i o n  (P < .09)  in  
c o n c e n t r a t i o n s  o f  plasma p r o l a c t i n  d i f f e r e d  l i t t l e  from th a t  p u b l i s h e d
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by Le a th e r  land and HcKeown (1973) f o r  g o l d f i s h  a c c l im a te d  t o  a 15L:9D 
p h o t o p e r io d .  They found t h a t  th e  d a i l y  minimum c o n c e n t r a t i o n  o f  plasma 
p r o l a c t i n  o c c u r re d  6 h a f t e r  the  o n se t  o f  l i g h t .  A l th o u g h  the minimum 
In t h i s  s tu d y  o c cu r re d  12 h a f t e r  the o n se t  o f  l i g h t ,  t h i s  d i f f e r e n c e  
is  p ro b a b ly  a t t r i b u t a b l e  In p a r t  t o  the d i f f e r e n t  p h o to p e r io d  (12 L :12D) 
as w e l l  as to  the  lon g e r  i n t e r v a l s  between sam p l ing  t imes used in  t h i s  
s t u d y .  R e s u l t s  o f  a re c e n t  s tu d y  (S tudy 2) I n d i c a t e  t h a t  the p r o l a c t i n  
rhythm in  f i s h  v a r i e s  on d i f f e r e n t  d a i l y  p h o to p e r io d s .
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F ig .  1. P r o l a c t i n  c o n c e n t r a t i o n  in  3^ g o l d f i s h  a t  f i v e  
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F ig .  2. P r o l a c t i n  c o n c e n t ra t i o n  in  th ree  groups o f  g o l d f i s h  
sampled a t  the b e g in n in g ,  m idd le  and end o f  a 12 h 













P h o to p e r io d ic  E f f e c t s  on C i r c a d ia n  L e ve ls  o f  Serum 
P r o l a c t i n  In the  G u l f  K M I I f l s h ,  Fundulus grand Is
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INTRODUCTI ON
O r c a d i a n  rhythms o f  c i r c u l a t i n g  p r o l a c t i n  have been re p o r te d  In 
a v a r i e t y  o f  v e r t e b r a t e s ,  I n c l u d i n g  f i s h e s  ( L e a th e r la n d  and McKeown, 
1973; L e a th e r la n d  e ^  a_K , I 9 7 M -  A p p a r e n t l y ,  changes In  hormone 
rhythms are  im p o r ta n t  d e te rm in a n ts  In the  seasonal I n t e g r a t i o n  o f  
some a n im a ls  and t h e i r  env i ronm en t  ( M e ie r ,  1975)- Inasmuch as the 
p h o to p e r io d  is  known to  i n f l u e n c e  a number o f  hormone rhythms 
(M e ie r ,  1975), 1 p o s t u la t e d  t h a t  seasonal changes in  the d a i l y  p h o to -  
p e r io d  m ig h t  e f f e c t  changes in  the c i r c a d i a n  p r o l a c t i n  rhy thm. To 
t e s t  t h i s  h y p o t h e s i s ,  the  f o l l o w i n g  s tu d y  was u nde r taken  t o  de te rm in e  
w he the r  th e re  i s  a c i r c a d i a n  rhy thm o f  serum p r o l a c t i n  in  G u l f  
k i l l l f i s h ,  Fundulus g r a n d ! s , and whether  the rhy thm Is  a f f e c t e d  by a 
change In the p h o to p e r io d .
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METHODS AND MATERIALS
G u l f  k i l l ! f i s h ,  Fundulus grand  I s , o f  mixed sexes were o b ta in e d  
In mid-December 097**) f rom a New O r leans  b a i t  d e a l e r .  The f i s h  
were a c c l im a te d  to  e i t h e r  9L:15D o r  15L:9D p h o t o p e r i o d s ,  2 ° /o o  
s a l i n i t y ,  and 21 1 2°C f o r  3 wk. Dur ing  t h i s  t ime  th e y  were fed d a i l y  
w i t h  a commercia l  f l a k e  food (T e t ra M in )  e xcep t  f o r  the  day o f  sam p l ing .  
A p p ro x im a te ly  10 f i s h  from each o f  the  two groups were b led  eve ry  h 
th ro u g h o u t  the  day. Blood was taken by h e a r t  p u n c tu re  and a l lo w e d  to  
c l o t  under r e f r i g e r a t i o n  f o r  2*1 h. A f t e r  c e n t r i f u g a t i o n ,  the serum 
was drawn o f f  and s to re d  f r o z e n .
P r o * a c t i n  assay was accompl ished  w i t h  a d o u b le - a n t i b o d y  r a d i o ­
immunoassay, as d e s c r ib e d  e lsewhere  (Appendix  1 ) .  P u r i f i e d  Fundu ius 
p r o l a c t i n  was no t  a v a i l a b l e  as a s ta n d a rd  and co n s e q u e n t ly  no p r e c i s e  
q u a n t i t a t i v e  da ta  c o u ld  be o b ta in e d .  However, r e l a t i v e  changes in  
p r o l a c t i n  l e v e l s  were a s c e r ta in e d  by r e f e r r i n g  a l l  d a ta  t o  a r e fe re n c e  
assay from a serum p o o l .  The da ta  were te s te d  f o r  s t a t i s t i c a l  
s i g n i f i c a n c e  by an a n a l y s i s  o f  v a r ia n c e  (Snedecor and Cochran, 1967)-
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RESULTS AND DISCUSSION
H ig h l y  s i g n i f i c a n t  (P < .01)  c i r c a d i a n  v a r i a t i o n s  In scrum 
p r o l a c t i n  c o n c e n t r a t i o n s  o c cu r re d  In Fundulus grand Is  on both  p h o to -  
p e r i o d i c  schedu les  ( F ig .  3 ) .  In a d d i t i o n ,  th e re  was a p h o to p e r io d  
dependent d i f f e r e n c e  (P < .05) between the forms o f  the two rhythms.
T h is  d i f f e r e n c e  was due t o  changes In the t im e  o f  the d a l l y  r i s e  o f  
p r o l a c t i n  t i t e r s  r a t h e r  than t o  changes In the d a i l y  t o t a l s  o f  
p r o l a c t i n  p r o d u c t i o n  o r  re le a s e  as mean serum p r o l a c t i n  d id  no t  d i f f e r  
(P > .05) between the two g ro up s .  The d a i l y  r i s e  o f  p r o l a c t i n  
c o n c e n t r a t i o n  (0330, 0930) o c c u r re d  10 h a f t e r  the  o f f s e t  o f  l i g h t  
in the  f i s h  on bo th  L:D schedu les .  L i k e w is e ,  the t ime o f  d e c re a s in g  
p r o l a c t i n  t i t e r s  (1900) m a in ta in e d  a p p r o x im a t e ly  10 h r e l a t i o n s h i p  
w i t h  the onset  o f  l i g h t .  I t  appears t h a t  the o f f s e t  o f  l i g h t  may be 
the s p e c i f i c  aspec t  o f  the d a l l y  p h o to p e r io d  w h ich  i s  r e s p o n s ib le  f o r  
s e t t i n g  the peak o f  the p r o l a c t i n  rhythm and t h a t  the  o n se t  o f  l i g h t  
may be r e s p o n s ib le  f o r  s e t t i n g  the  t r o u g h .  A l th o u g h  a d d i t i o n a l  re se a rch  
i s  r e q u i r e d  to  c o n f i r m  such an h y p o t h e s i s ,  i t  would  be I n t e r e s t i n g  
i f  the  p h o to p e r io d  p ro v id e d  s t i m u l i  f o r  no t  o n l y  the  c i r c a d i a n  re le a s e  
o f  c i r c u l a t i n g  p r o l a c t i n  bu t  a l s o  the d u r a t i o n  o f  e le v a te d  c i r c u l a t i n g  
p r o l a c t i n .
I t  shou ld  be c a u t io n e d  t h a t  the 10 h t ime i n t e r v a l  f rom e n t r a i n e r  
( l i g h t  onse t  o r  o f f s e t )  t o  p r o l a c t i n  decrease  o r  inc re a se  noted in  t h i s  
s tu d y  p r o b a b ly  does no t  remain c o n s ta n t  th ro u g h o u t  the  y e a r .  In a 
s tu d y  w i t h  s t r i p e d  m u l l e t ,  hug 11 c e p h a lu s , sampled d u r i n g  t h re e  d i f f e r e n t
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seasons,  th e re  was no c o n s i s t e n t  r e l a t i o n s h i p  between any aspec t  o f  the  
p h o to p e r io d  and c i r c a d i a n  p r o l a c t i n  peaks o r  t ro u g hs  (S tudy i t ) .
A p p a r e n t l y ,  the  t ime  i n t e r v a l  f rom e n t r a i n i n g  s t im u lu s  t o  hormone 
re le a s e  changed d u r in g  the  y e a r .  S i m i l a r  c o n c lu s io n s  were made on the 
b a s is  o f  s t u d ie s  o f  the w h i t e - t h r o a t e d  spa r row ,  Z o n o t r l c h l a  a l b l c o l l l s ,
(Me i e r  e t  a I . ,  19^9 ) -
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F ig .  3- Serum p r o l a c t i n  l e v e l s  Jn Fundulus grand is  
a c c l im a te d  t o  one o f  two d i f f e r e n t  d a i l y  
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P h o to p e r i o d i c  E f f e c t s  on S a l i n i t y  
S e le c t i o n  in  the G u l f  K M l l f i s h ,  Fundulus g ra n d fs
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INTRODUCTION
Many e s t u a r i n e  f i s h e s  make bo th  seasonal and d a l l y  movements 
th rough  w a te rs  o f  d i f f e r i n g  s a l i n i t i e s  ( f o r  r e fe re n c e s  see Gun te r ,
1967; B la n c h e r ,  197*0- W i th  the  e x c e p t io n  o f  spawning m i g r a t i o n s ,  
these movements have g e n e r a l l y  been c o n s id e re d  t o  be responses t o  
exogenous cues such as te m pera tu re  (G u n te r ,  1967) o r  s a l i n i t y  changes 
(Pe rez ,  1969),  and t i d a l  f l o w  (B u tn e r  and B r a t t s t r o m ,  I9 6 0 ) .  The 
i n f l u e n c e  o f  changes In the l e n g th  o f  the d a l l y  p h o to p e r io d  on I n t r a -  
e s t u a r l n e  movements has a p p a r e n t l y  r e c e iv e d  l i t t l e  a t t e n t i o n .
In c o n t r a s t ,  spawning m ig r a t i o n s  I n t o  e i t h e r  more o r  less  s a l i n e  
w a te rs  have been c o r r e l a t e d  w i t h  changes In the  d a l l y  p h o to p e r io d  
(Baggerman, 1957). Spawning m ig r a t i o n s  have a l s o  been a s s o c ia te d  
w i t h  changes In  t i t e r s  o f  s e ve ra l  endogenous hormones In c lu d in g  
c o r t i c o s t e r o i d s  (Heyl and C a rp e n te r ,  1972) and p r o l a c t i n  (Lam, 1972; 
HcKeown and Overbeeke, 1972). These two hormones have been im p l i c a t e d  
re p e a te d ly  In o s m o re g u la t io n  in  a v a r i e t y  o f  f i s h e s  ( f o r  r e fe re n c e s  
see Johnson, 1973).
In a d d i t i o n  to  seasonal v a r i a t i o n s ,  c i r c u l a t i n g  l e v e l s  o f  c o r t i s o l  
(G a rc ia  and M e ie r ,  1973) and p r o l a c t i n  ( L e a th e r la n d  and McKeown, 1973; 
S tu d ie s  1, 2, *t) undergo c i r c a d i a n  v a r i a t i o n s .  C i r c a d ia n  changes in  
hormone c o n c e n t r a t i o n s  a re  g r e a t e r  than mean seasonal changes In the 
m u l l e t .  Mug I 1 cepha 1 us (Study * t ) . Thus, i f  the b lood  c o n c e n t r a t i o n s  
o f  c o r t i s o l  a n d /o r  p r o l a c t i n  d i r e c t l y  modula te  s a l i n i t y  p r e fe re n c e s  
I t  shou ld  be p o s s ib l e  t o  dem ons t ra te  c i r c a d i a n  v a r i a t i o n s  In s a l i n i t y  
p r e fe r e n c e .  F u r th e rm o re ,  changes In  the d a l l y  p h o to p e r io d  t h a t  cause
2k
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changes In the  c i r c a d i a n  rhythm o f  plasma p r o l a c t i n  In  Fundulus grand I » 
(S tudy 2) m igh t  a l s o  be expected  t o  Induce s i m i l a r  changes In th e  d a l l y  
p a t t e r n  o f  s a l i n i t y  p r e fe r e n c e .
The p re se n t  s tudy  was c a r r t e d  o u t  w i t h  a b r a c k i s h  w a te r  k M t t f l s h ,  
Fundulus g r a n d l s . S a l i n i t y  p re fe re n c e s  were a s c e r t a in e d  th ro u g h o u t  a 
day t o  d e te rm in e  whether  t h e re  were c i r c a d i a n  changes. S a l i n i t y  
p re fe re n c e s  were a l s o  examined In f i s h  m a in ta in e d  on d a l l y  p h o to p e r io d s  
o f  d i f f e r i n g  le n g th s  to  e x p lo r e  a p o s s ib l e  p h o t o p e r l o d i c  r o l e  In 
seasonal p re fe re n c e s .
METHODS AND MATERIALS
G u l f  k l l l t f i s h  ( Fundulus g r a n d !s )  o f  mixed sexes were purchased
from b a i t  d e a le r s  who c o l l e c t e d  them f rom  b r a c k i s h  w a te r  near  Grand
I s l e ,  L o u i s i a n a .  The f i s h  were a c c l im a te d  f o r  a minimum o f  wk to
th re e  d i f f e r e n t  pho tope r  I od i c regimes (9L :15D ,  12L: 12D, 15L*-9D). There
were 12 f i s h  in  each 8 0 - l i t e r  aquar ium. To m a in t a i n  c o n s i s t e n t  w a te r
q u a l i t y ,  s a l i n i t y  ( 2 ° /o o  ) ,  and te m p e ra tu re  (21 - 2°C) f o r  the th re e
groups ,  a l l  a q u a r ia  were a t ta c h e d  t o  a common b i o l o g i c a l  f i l t e r .  The
f i s h  were fed d a i l y  a commerc ia l  f l a k e  food (T e t ra M ln )  excep t  d u r in g
the day o f  t e s t i n g .  A s i n g l e  f i s h  was p ta c e d ,  a t  the b e g in n in g  o f  the
l i g h t  p e r i o d ,  in  a s a l i n i t y  g r a d i e n t  chamber (S ta a la n d ,  1969; Appendix
2 ) .  The g r a d i e n t  co n ta in e d  s i x  d i f f e r e n t  s a l i n i t i e s  (2 ,  8 , l i t ,  21,
28, 3 5 ° /o o )  a long  a h o r i z o n t a l  a x i s  th ro u gh  w h ich  the  f i s h  was f r e e
to  move. The p o s i t i o n  o f  the f i s h  was m o n i to re d  by photographs  taken
eve ry  30 mln th ro u g h o u t  a day.  The g r a d i e n t  was m a in ta in e d  a t  the  same
l i g h t - d a r k  c y c le  as t h a t  t o  wh ich  the f i s h  was a c c l im a te d .  Dim l i g h t
2
( l e s s  than 2 Im/cm ) was s u b s t i t u t e d  f o r  t o t a l  da rkness  t o  p e rm i t  
pho tography .  The p h o to g ra p h ic  f i l m  was d e ve lo p ed ,  the n e g a t iv e s  were 
p r o je c t e d  w i t h  a f i l m  s t r i p  v iew e r  and the  p o s i t i o n  o f  the  f i s h ,  w i t h  
re sp e c t  to  the  s i x  s a l i n i t y  compartments , was re co rd e d .  S t a t i s t i c a l  
a n a lyse s  o f  the  da ta  were made u s ing  an a n a l y s i s  o f  v a r ia n c e  (Snedecor 
and Cochran, 1967) and the S tu d e n t ' s  t  t e s t .
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RESULTS AND DISCUSSION
No c i r c a d i a n  rhythms o f  s a l i n i t y  p re fe re n c e  were found In f i s h  
m a in ta in e d  on th r e e  d i f f e r e n t  p h o t o p e r l o d I c  schedules (F ig .  k ) . 
A p p a r e n t l y ,  c i r c a d i a n  rhythms o f  hormones such as c o r t i s o l  and p r o l a c t i n  
do n o t  e x e r t  a d i r e c t  i n f l u e n c e  on s a l i n i t y  p re fe r e n c e  In Fundulus 
grand I s .
A l th o u g h  c i r c a d i a n  v a r i a t i o n s  were no t  observed ,  th e re  were d i s t i n c t  
d i f f e r e n c e s  in s a l i n i t y  p r e fe re n c e  o f  f i s h  a c c l im a te d  t o  d i f f e r e n t  
p h o t o p e r t o d i c  schedu les  ( F ig .  k ) . The f i s h  m a in ta in e d  on a 15 h d a l l y  
p h o to p e r io d  s e le c t e d  less  r ' ' ne w a te rs  (6 .7  t  1 .5 ° /o o )  than those kep t  
on d a i l y  p h o to p e r io d s  o f  9 o r  13 h (1 1 .3  t  1 .3 ° /o o )  (P <  .0 5 ) .
A l th o u g h  many e s t u a r l n e  f i s h e s  move I n t o  less  s a l i n e  w a te rs  d u r in g  
s p r i n g  and summer when the  d a l l y  p h o to p e r lo d  i s  r e l a t i v e l y  lo n g ,  t h i s  
movement has g e n e r a l l y  been a t t r i b u t e d  t o  I n c re a s in g  te m p e ra tu re  (G u n te r ,  
1967). In the L o u is ia n a  e s t u a r i e s  near Grand I s l e  where the Fundulus 
grand i s were a c q u i r e d ,  most f i s h  have moved o r  a re  moving i n t o  f r e s h e r  
w a te r  In A p r i l  when the  w a te r  te m p e ra tu re  a p p rox im a tes  21°C (Day e t  a 1 . ,  
1973) , the  h o ld in g  te m p e ra tu re  f o r  my e x p e r im e n ta l  f i s h .  The r e s u l t s  
suggest t h a t  te m p e ra tu re  a lo n e  may not f u l l y  accoun t  f o r  movements o f  
f i s h e s  i n t o  w a te r  o f  lower s a l i n i t i e s ,  and t h a t  an I n c re a s in g  d a l l y  
p h o to p e r lo d  can have a s i g n i f i c a n t  r o l e  In d e te r m in in g  changes in  the 
s a l i n i t y  p re fe re n c e  o f  some f i s h e s .  T h is  c o n c lu s io n  Is  c o n s i s t e n t  
w i t h  t h a t  o f  Baggerman (19 57 ) ,  who found t h a t  h ig h e r  tem pera tu res  
changed s a l i n i t y  p r e fe r e n c e  o f  t h r e e - s p ln e d  s t i c k l e b a c k s ,  G as te ro s te u s  
a c u l e a t u s , o n ly  a t  s p e c i f i c  t imes o f  y e a r .  Baggerman conc luded t h a t
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the  p h y s i o l o g i c a l  c o n d i t i o n  o f  the  f i s h  de te rm ined  whether  o r  no t  they  
responded t o  the  r i s e  o f  te m p e ra tu re .  P resumably ,  changes In 
p h y s i o l o g i c a l  c o n d i t i o n s  may be accounted f o r  by seasonal changes In 
the  p h o t o p e r io d .
In c o n c lu s i o n ,  my r e s u l t s  i n d i c a t e  t h a t  s a l i n i t y  p re fe re n c e  Is 
no t  a d i r e c t  r e f l e c t i o n  o f  c i r c u l a t i n g  l e v e l s  c f  a s p e c i f i c  hormone 
bu t  is  p ro b a b ly  a more complex phenomenon I n v o l v i n g  a summation o f  the  
hormonal m i l i e u  o f  an an ima l  and I t s  e n v i ro n m e n t .  That t h i s  system Is 
i n f lu e n c e d  by changes in  the  d a l l y  p h o t o p e r i o d ,  suggests  t h a t  some 
seasonal movements in  w a te r  o f  d i f f e r i n g  s a l i n i t i e s  a re  a t t r i b u t a b l e  
In p a r t  t o  changes In  d a y le n g th .  As McHugh (1S67) c a u t io n e d  p r e v i o u s l y ,
I t  i s  dangerous t o  draw causa l  r e l a t i o n s  f rom  s im u l ta n e o us  n a t u r a l  
even ts  ( I . e . ,  f i s h  m i g r a t i o n s  and te m p e ra tu re  changes) .  Expe r im en ta l  
ev idence  is  an in d is p e n s a b le  i n g r e d i e n t  o f  s c i e n t i f i c  I n q u i r y .
1 $
F ig .  4. S a l i n i t y  s e l e c t i o n  o f  Fundutus grand Is  a c c l im a te d  
to  one o f  th re e  d i f f e r e n t  d a i l y  p h o to p e r io d s .
E ig h t  f i s h  per p h o to p e r io d  were observed 
i n d i v i d u a l l y  a t  30 mtn i n t e r v a l s  th ro u g h o u t  a day,  
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INTRODUCTION
P r o l a c t i n  i s  a p i t u i t a r y  hormone w i t h  a broad spectrum o f  
p h y s i o l o g i c a l  a c t i v i t i e s  ( f o r  d i s c u s s io n  see Bern and N I c o l I ,  1969).
Many o f  these  a c t i v i t i e s  ( I . e . ,  f a t  g a in  o r  l o s s ,  n o n l i p i d  g row th ,  
locomotor  a c t i v i t y ,  an t  I gonadal e f f e c t ,  i n h i b i t i o n  o f  metamorphos is ,  
e f t  w a te r  d r i v e ,  c ropsac  s t i m u l a t i o n )  have d i s t i n c t  tempora l  components 
(M e ie r ,  1972). For example, in  f i s h e s ,  d a i l y  I n j e c t i o n s  o f  p r o l a c t i n  
g iv e n  8 h a f t e r  the onse t  o f  l i g h t  produce a s p e c i f i c  response ( I . e . ,  
g a in  o f  f a t  s t o r e s )  whereas i n j e c t i o n s  o f  p r o l a c t i n  g iv e n  2 h a f t e r  the 
onse t  o f  l i g h t  produce an a n t i t h e t i c a l  response ( i . e . ,  loss  o f  f a t  s t o r e s )  
(Lee and M e ie r ,  1967). T h is  t ime dependent c h a r a c t e r i s t i c  o f  i n j e c t e d  
p r o l a c t i n  Is  though t  t o  be a consequence o f  c i r c a d i a n  rhythms o f  t i s s u e  
s e n s i t i v i t y  t o  p r o l a c t i n  e n t r a in e d  by a rhythm o f  plasma a d r e n o c o r t I c o l d s  
(Me ie r  et^ a K  , 1971). T h is  h y p o th e s is  i s  suppor ted  by a s tu d y  in  which 
f i s h  m a in ta in e d  on c o n s ta n t  l i g h t  c o n d i t i o n s  ga ined o r  l o s t  body f a t  
s to re s  depend ing  on th e  tempora l  r e l a t i o n s  o f  d a i l y  I n j e c t i o n s  o f  
c o r t i s o l  and p r o t a c t i n .  The a b i l i t y  o f  a hormone ( p r o l a c t i n )  t o  e l i c i t  
d i f f e r e n t  responses depend ing  on I t s  c i r c a d i a n  tempora l  r e l a t i o n s  w i t h  
a n o th e r  hormone (a d re n o c o r t I  c o l d s ) has been termed a tempora l  s y n e r g i s t i c  
r e l a t i o n s h i p  (Me ie r  e t  a [ . ,  1971).
For tempora l  synerg lsms t o  be a c c o u n ta b le  In n a tu re  f o r  th e  wide 
v a r i e t y  o f  e f f e c t s  t h a t  a re  dem ons t rab le  in  the l a b o r a t o r y ,  two c r i t e r i a  
must be f u l f i l l e d  In the u n a l t e r e d  o rgan ism .  There must be d a l l y  
v a r i a t i o n s  in  the  c i r c u l a t i n g  l e v e l s  o f  b o th  a d r e n o c o r t I c o l d s  and 
p r o l a c t i n ,  and th e re  must be d i f f e r e n c e s  In the phase r e l a t i o n s h i p  o f
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the two hormones in  f i s h  t h a t  v a ry  a c c o rd in g  t o  t h e i r  p h y s i o l o g i c a l  
c o n d i t i o n s  ( i . e . ,  seasonal v a r i a t i o n s ) .  The c i r c u l a t i n g  l e v e l s  o f  both  
c o r t i c o l d s  (G a rc ia  and M e te r ,  1973) and p r o l a c t i n  (L e a th e r la n d  and 
McKeown, 1973) undergo c i r c a d i a n  rhythms in  some f i s h e s ,  as w e l l  as In 
o th e r  v e r t e b r a t e  ta x a ,  th e re b y  the f i r s t  c r i t e r i o n  Is  f u l f i l l e d .  However, 
p o s s ib l e  seasonal changes In c i r c a d i a n  hormonal rhythms have re ce ive d  
very  l i t t l e  a t t e n t i o n .  Seasonal changes In c i r c a d i a n  rhythms have been 
found In p i t u i t a r y  p r o l a c t i n  c o n te n t  (Me ie r  et_ aj_. , 1969) and In plasma 
c o r t l c o i d  c o n c e n t r a t i o n  (Ousseau and M e ie r ,  1971) in  the w h i t e - t h r o a t e d  
spa r row ,  Z o n o t r I  c h i  a a l b l c o l j I s . The green a n o le ,  A n o i I s  c a r o l  In e n s 1s , 
l i k e w i s e  has seasonal d i f f e r e n c e s  in  plasma c o r t i c o l d  rhythms (Trobec,  
197M. There a re  d i s t i n c t  seasonal c h a r a c t e r i s t i c s  o f  p h y s io lo g y  and 
r e p r o d u c t i v e  c a p a c i t y  in  b o th  the b i r d  and the l i z a r d .  A p p a r e n t l y ,  no 
s t u d ie s  have been made In f i s h e s  c o n c e rn in g  p o s s ib l e  seasonal changes 
In c i r c a d i a n  hormone rhy thm s .  The f o l l o w i n g  s tudy  was under taken  w i t h  
s t r i p e d  m u l l e t .  Mug I I c e p h a lu s , t o  d e te rm in e  w he the r  th e y  have a 
c i r c a d i a n  rhythm o f  serum p r o l a c t i n  and w he the r  t h i s  h y p o th e s ize d  rhythm 
v a r i e s  s e a s o n a l l y .
METHODS AND MATERIALS
Immature s t r i p e d  m u l l e t ,  Mug 11 c c p h a l u s , o f  mixed sexes and 
ra n g in g  In  s i 2e from 8 t o  30 cm (x  -  16.7) were c o l l e c t e d  a t  H a n d e v i l l e ,  
L o u is ia n a  d u r in g  th re e  seasons (1971*) - The f i s h  were taken by c a s t  ne t  
(3 m d iam, 3 / k  cm mesh) a t  I n t e r v a l s  th ro u g h o u t  the day d u r in g  l a t e  
Janua ry ,  l a t e  J u l y ,  and e a r l y  O c tob e r .  S a l i n i t y  (measured by r e f r a c t o -  
m e t e r ) , t e m p e ra tu re ,  and d a l l y  p h o to p e r io d  ( A i r  Almanac, U n i te d  S ta tes  
Naval O b s e rv a to ry )  were ,  r e s p e c t i v e l y :  J a n u a ry ,  l - 2 ° / o o ,  19-21°C,
10.5 h; J u l y ,  £ 0 . 5 ° / o o .  29-35°C, 13.7 h; O c tob e r ,  2 ° / o o ,  19-2^°C, 11.8 h. 
Blood samples were o b ta in e d  f rom the f i s h  by h e a r t  p u n c tu re  w i t h i n  
2 min o f  c a p tu r e .  T h is  t im e  p e r io d  (2 m ln)  shou ld  have been s u f f i c i e n t l y  
s h o r t  t o  have avo ided  any s t r e s s  induced changes In  c i r c u l a t i n g  p r o l a c t i n  
l e v e l s  (S tudy 1 ) .  The b lood  was a l lo w e d  t o  c l o t  f o r  21* h a t  *»°C; the  
b lood was then c e n t r i f u g e d ,  and the  serum was s to re d  f r o z e n .
P r o l a c t i n  assay was accom pl ished  w i t h  a d o ub le  a n t i b o d y  r a d i o ­
immunoassay as d e s c r ib e d  e lsew here  (Appendix  1 ) .  P u r i f i e d  m u l l e t  
p r o l a c t i n  was no t  a v a i l a b l e  as a s ta n d a rd  and co n s e q u e n t ly  no p r e c i s e  
q u a n t i t a t i v e  d a ta  c o u ld  be o b ta in e d .  However, r e l a t i v e  changes In  
p r o l a c t i n  l e v e l s  were a s c e r ta in e d  by r e f e r r i n g  a l t  da ta  t o  a r e fe re n c e  
assay from a serum p o o l .  The d a ta  were t e s t e d  f o r  s t a t i s t i c a l  
s i g n i f i c a n c e  by an a n a l y s i s  o f  v a r ia n c e  and the S tu d e n t ' s  t_ t e s t  
(Snedecor and Cochran, 1967).
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RESULTS
C i r c a d ia n  rhythms o f  serum p r o l a c t i n  (P < .05)  were found a t  
each o f  the  th re e  seasons ( F i g .  5 ) .  In a d d i t i o n ,  t h e r e  were h i g h l y  
s i g n i f i c a n t  (P <” .01) d i f f e r e n c e s  among th e  rhy thms.  The peaks o f  
the  c i r c a d i a n  rhythms in the summer ( J u l y )  and f a l l  (October )  o c cu r re d  
e a r l y  In the  day (0800 and 0500, r e s p e c t i v e l y )  whereas the  peak o f  the  
w in t e r  (January )  rhythm o c c u r re d  l a t e  in  th e  day (1700 ) .  P o s s ib le  
secondary peaks in  the f a l l  and w i n t e r  c o u ld  no t  be v e r i f i e d  
s t a t i s t i c a l l y .  Mean p r o l a c t i n  l e v e l s  (serum c o n c e n t r a t i o n s  th ro u gh o u t  
the day) f o r  the  th re e  seasons ( w i n t e r :  165%; summer: 193%; f a l l :  157%) 
were no t  s i g n i f i c a n t l y  d i f f e r e n t  (P > .0 5 ) .  S i g n i f i c a n t  d i f f e r e n c e s  
(P < .05 S t u d e n t ' s  0  between s p e c i f i c  p o in t s  on each rhythm are  l i s t e d  
below (compar isons  no t  shown were n o n s i g n i f i c a n t ) :  w i n t e r ,  0900 > 1^00, 
1700 > 1A00; summer, 2000 > 1200, 0800 > 1600 > 1200, 0800 > 0130;
f a l l ,  1300 > 1800, 0500 > 1800, 0500 > 2000, 0500 > 0100.
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DISCUSSION
The f i n d i n g s  o f  c i r c a d i a n  rhythms o f  p r o l a c t i n  and o f  seasonal 
d i f f e r e n c e s  among the th re e  rhythms (F ig .  5) o f f e r  s u b s t a n t l a t I n g  
ev idence  f o r  the  h y p o th e s i s  o f  endogenous, p r o l a c t i n  m ed ia te d ,  tempora l  
synerg isms c o n t r o l l i n g  seasonal c o n d i t i o n s  In f i s h .  The rhythms o f  
p r o l a c t i n  f u l f i l l  b o th  o f  the  t ime re q u i re m en ts  o f  a hormonal temporal 
syne rg ism ,  i . e . ,  a d a l l y  change In  c i r c u l a t i n g  l e v e l s  and a seasonal 
change In the  phase r e l a t i o n s h i p s  o f  one o f  the hormones In v o lv e d  
( p r o l a c t i n  and a d r e n o c o r t I  c o l d ) . I t  I s  apparen t  t h a t  seasonal  changes 
in  the c i r c a d i a n  rhythms o f  p r o l a c t i n  would cause changes In the  phase 
r e l a t i o n s h i p s  o f  p r o l a c t i n  rhythms w i t h  those  o f  any o th e r  hormone 
( i . e . ,  c o r t i s o l )  t h a t  a re  n o t  a l t e r e d  s e a s o n a l l y  In an I d e n t i c a l  
manner. The p h y s i o l o g i c a l  changes wh ich  are  b ro u g h t  about In m u l l e t  
by the seasonal  v a r i a t i o n s  tn the c i r c a d i a n  rhythms o f  p r o l a c t i n  remain 
unknown. However, I t  i s  known t h a t  m u l l e t  undergo seasonal m ig r a t i o n s  
and changes in  g rowth  r a te  (Shi reman, 1961) and i t  i s  presumed th a t  
m u l l e t ,  l i k e  many o th e r  f i s h e s ,  undergo seasonal changes in  f a t  
s t o r e s  ( P h i l l i p s ,  1969)- These a sp ec ts  o f  the  annual c y c le  a re  known 
to  be in f lu e n c e d  by p r o l a c t i n  tempora l  synerg isms in  o t h e r  v e r t e b r a t e s  
i n c l u d in g  l i p i d  and n o n l i p i d  g rowth  In f i s h  (M e ie r ,  1972).
C i r c u l a t i n g  hormone l e v e l s ,  as measured In t h i s  s t u d y ,  a re  
summation In d i c e s  o f  a l l  responses t o  s t i m u l i  a f f e c t i n g  the  hormone's  
s e c r e t i o n  and up take  and t h e r e f o r e  may be a l t e r e d  by a v a r i e t y  o f  
I n t e r n a l  and e x t e r n a l  e n v lo rn m en ta I  changes. In f i s h ,  p r o l a c t i n  l e v e l s  
have been c o r r e l a t e d  w i t h  changes in  e n v i ro n m e n ta l  s a l i n i t y  ( f o r
36
37
references see Johnson, 1973). However, the c i r c a d ia n  rhythm o f  p r o l a c t in  
re lease  remains unchanged (Leatherland and HcKeown, 1973; author  
unpubl ished) .  In mammals, Increased p r o l a c t in  secre t ion  has been 
c o r re la te d  w i th  a d i v e r s i t y  o f  s t im u l i  Inc lud ing:  e x e r c is e ,  feed ing ,  
s t re s s ,  blood t o n i c i t y ,  thyro id  re leas ing  hormone, estrogen and c o r t i s o l  
( fo r  references see Horrobin ,  1973). Increased p r o l a c t in  uptake has been 
c o r r e la te d  w i th :  s tress  ( In  f i s h ,  Study 1 ) ,  estrogen t i t e r s ,  and 
increased c i r c u l a t i n g  p r o l a c t in  leve ls  (Posner ot a_l_. , 1975).
I cannot d i s c o u n t  these v a r io u s  s t i m u l i  f rom a p o s s ib le  invo lvem en t  
in  the c i r c a d i a n  rhythms o f  c i r c u l a t i n g  p r o l a c t i n .  However, s t u d i e s  o f  
hormone rhythms in  o th e r  v e r t e b r a t e s  suggest t h a t  the  d a i l y  rhythm 
p e r s i s t s  under c o n s ta n t  c o n d i t i o n s  and t h a t  the  m a jo r  e n t r a i n i n g  agent 
o f  the  c i r c a d i a n  p r o l a c t i n  rhy thm i s  p ro b a b ly  th e  d a i l y  p h o t o p e r lo d .
In a l a b o r a t o r y  s tudy  o f  G u l f  k i l l l f l s h ,  Fundulus g r a n d l s , a change In 
the le n g th  o f  d a i l y  p h o to p e r io d  caused changes In the  onse t  o f  the  
p r o l a c t i n  peak (S tudy 2 ) .  McKeown and a s s o c ia te s  (p e rso n a l  commun ica t ion )  
have l i k e w is e  dem ons t ra ted  in  f i s h  a p o s s ib l e  p h o t o p e r 1o d ic  c o n t r o l  
o f  the phase o f  the  c i r c u l a t i n g  p r o l a c t i n  rhy thms.  I t  seems l i k e l y  t h a t  
the a a i l y  r i s e  o f  c i r c u l a t i n g  p r o l a c t i n  is  the  most Im p o r ta n t  aspect  o f  
the c i r c a d i a n  rhy thm w i t h  regard  to  tempora l  syne rg ism s .  I t  has been 
h yp o th e s ize d  t h a t  d a l l y  p r o l a c t i n  I n j e c t i o n s  s t i m u l a t e  the  d a l l y  inc rease  
in  b lo o d  p r o l a c t i n  c o n c e n t r a t i o n s  (M e ie r ,  1972).
From the r e s u l t s  o f  the  p re sen t  s tudy  i t  Is appa re n t  t h a t  the peaks 
o f  the  p r o l a c t i n  rhy thms do n o t  have a c o n s ta n t  r e l a t i o n s h i p  w i t h  any 
aspect  o f  the p h o t o p e r lo d .  ihe w i n t e r  and f a l l  p h o to p e r io d s  d i f f e r  by 
a p p ro x im a te ly  1 h but the peaks as w e l l  as the  t ro u g h s  o f  the  rhythms 
d i f f e r  by a much g r e a t e r  m a rg in .  Thus, a l t h o u g h  th e  d a i l y  p h o to p e r lo d
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may e n t r a i n  the p r o l a c t i n  rhythm, the  phase r e l a t i o n  between the 
env i ronm en ta l  e n t r a i n e r  and the  hormone rhythm a p p a re n t l y  undergoes 
a season change. T h is  i n t e r v a l ,  f rom e n t r a i n i n g  s t im u lu s  to  hormone 
re le a s e ,  has been hypo thes ized  t o  be c o n t r o l l e d  by an endogenous 
c i r c a n n u a l  mechanism (M e ie r ,  197*'). The c i r c a n n u a l  mechanism a l lo w s  
an animal not o n ly  to  m a in ta in  i t s e l f  in  synchrony w i t h  present  
c o n d i t i o n s ,  i . e . ,  d a y le n g th ,  but a l s o  t o  prepare  f o r  f u t u r e  c o n d i t i o n s .
In sp r in g  and tn f a l l ,  d a i l y  pho to pe r iod s  are s i m i l a r ,  but o th e r  fa c e ts  
o f  the environment  ( i . e . ,  tem pera tu re ,  food a v a i l a b i l i t y )  a re  In ,  o r  
moving toward,  a s i t u a t i o n  which cou ld  be d isadvantageous f o r  a 
p a r t i c u l a r  response. An endogenous c i r c a n n u a l  change in  the t ime 
I n t e r v a l  f rom the d a i l y  env i ronm enta l  cue to  the t ime o f  hormone re lease  
o f f e r s  a p o s s ib le  e x p la n a t i o n  f o r  the f a c t  t h a t  o f t e n  c e r t a i n  re q u i re d  
exogenous cues ( i . e . ,  p h o to pe r iod )  a re  o n ly  e f f e c t i v e  a t  c e r t a i n  
seasons (de V laming, 197*0 . F u r th e r  exper im ents  In which f i s h  are  
m a in ta ined  on c o n s ta n t  env i ronm en ta l  c o n d i t i o n s  f o r  extended p e r iods  
are  necessary to  a s c e r t a i n  whether  the seasonal changes In phase o f  the 
p r o l a c t i n  rhythm are a p a r t  o f  an endogenous c i r c a n n u a l  mechanism.
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F ig .  5. Serum p r o l a c t i n  l e v e l s  In Mug 11 eepha lus a t  th re e  
d i f f e r e n t  seasons.

GENERAL DISCUSSION
T h is  d i s s e r t a t i o n  has a p p ro x im a te ly  doub led the e x t a n t  l i t e r a t u r e  
on c i r c u l a t i n g  p r o l a c t i n  l e v e l s  In f i s h e s  and has t h e r e f o r e  added 
c o n s id e r a b le  b a s e l i n e  i n f o r m a t i o n  t o  t h i s  t o p i c .  I t  has demons t ra ted  
the e x i s t e n c e  o f  d a l l y  v a r i a t i o n s  In  serum c o n c e n t r a t i o n s  o f  p r o l a c t i n  In 
t h re e  t e l e o s t e a n  sp e c ie s *  The p r o l a c t i n  rhythm undergoes seasonal 
v a r i a t i o n s .  Changes in  the  d a l l y  p h o to p e r io d  have a d i r e c t  I n f l u e n c e  
on the  p a t t e r n  o f  the  p r o l a c t i n  rhythm and p ro b a b ly  s e t  the phase. 
However, th e re  a l s o  appear t o  be seasonal changes in  the  p r o l a c t i n  
rhythm t h a t  a re  n o t  d i r e c t l y  r e l a t e d  t o  changes In  the d a l l y  p h o t o p e r lo d .  
T h is  d i s s e r t a t i o n  has a l s o  demons t ra ted  t h a t  the l e n g th  o f  the  d a l l y  
p h o to p e r lo d  has a s i g n i f i c a n t  i n f l u e n c e  on s a l i n i t y  s e l e c t i o n  by 
Fundulus grand I s ; f i s h  a d ju s te d  t o  a 15 h d a i l y  p h o to p e r lo d  p r e f e r r e d  
less  s a l i n e  w a te r  than those  a d ju s te d  t o  s h o r t e r  d a i l y  p h o to p e r io d s  
(9 and 12 h ) .
C i r c a d ia n  p r o l a c t i n  rhythms In f i s h  and seasonal changes In these 
rhythms a re  o f  c o n s id e r a b le  impor tance  t o  e n d o c r i n o l o g i s t s .  The 
responses caused by I n j e c t i o n s  o f  m a t e r i a l s  wh ich  have a s y n e r g i s t i c  
o r  a n t a g o n i s t i c  r e l a t i o n s h i p  w i t h  p r o l a c t i n  may be expected  to  va ry  
depending on the tempora l  r e l a t i o n  t h a t  the  i n j e c t i o n s  have w i t h  re s p e c t  
t o  the p r o l a c t i n  rhy thm. The assumpt ion  t h a t  d a l l y  v a r i a t i o n s  can be 
igno red  by s tanda rd  1z Ing  the  t im e  o f  day t o r  i n j e c t i o n s  i s  no t  
a c c e p ta b le  because the c i r c a d i a n  rhy thm o f  p r o l a c t i n  undergoes seasonal 
changes. Thus the e n d o c r i n o l o g i s t  must re co g n ize  bo th  d a i l y  and 
seasonal changes in  the  hormonal m i l i e u .
<t1
l»2
For th e  e c o l o g i s t  I n t e r e s t e d  In th e  I n t e g r a t i o n  o f  v e r t e b r a t e s  and 
t h e i r  e n v i ro n m e n t ,  p r o l a c t i n  rhythms and t h e i r  p o s s ib l e  tempora l  
s y n e r g i s t i c  e f f e c t s  a re  e x c e l l e n t  s tu d y  s u b je c t s .  The f a c t  t h a t  
p r o l a c t i n  rhythms show seasonal changes o f f e r s  s u b s t a n t l a t o r y  ev idence  
f o r  the h y p o th e s is  t h a t  tempora l  synerg isms e x i s t  In n a tu re  and a re  In 
p a r t  r e s p o n s ib le  f o r  some seasonal phenomena In v e r t e b r a t e s  ( I . e . ,  
r e p r o d u c t i o n ,  f a t t e n i n g ,  lean g ro w th ) .
The p r o b a b i l i t y  t h a t  p r o l a c t i n  rhythms may have Im p o r ta n t  r o l e s  in  
the c o n t r o l  o f  seasonal changes has c o n s id e r a b le  i m p l i c a t i o n  f o r  the 
m a r I c u I t u r ) s t . S p e c i f i c  s t i m u l i  ( i . e . ,  p h o to p e r lo d )  m igh t  be used to  
e n t r a i n  endogenous p r o l a c t i n  rhythms in  s p e c i f i c  phase r e l a t i o n s h i p  
w i t h  hormones ( i . e . ,  c o r t i s o l )  t h a t  would r e s u l t  in  c o n d i t i o n s  ( i . e . ,  
g row th  o r  r e p io d u c t I  on) found n a t u r a l l y  a t  a p a r t i c u l a r  s tage  o f  the 
l i f e  c y c l e .  T h is  would a l l o w  the  c u l t u r i s t  t o  produce spawnable f i s h  
th ro u gh o u t  m e  year  o r  to  a vo id  r e p r o d u c t i o n  and f a t t e n i n g  and m a in t a i n  
the f i s h  a t  c o n s ta n t  h ig h  r a te s  o f  g ro w th .  C o n s id e ra b le  research  Is  
s t i l l  r e q u i r e d  b e fo re  such c o n t r o l  Is f e a s i b l e .  Im p o r ta n t  re se a rch  aims 
would in c lu d e  an u n d e rs ta n d in g  o f :  the  methods o f  c o n t r o l l i n g  p r o l a c t i n  
rhy thms;  the  tempora l  r e l a t i o n s h i p s  o f  v a r io u s  hormones ( p a r t i c u l a r l y  
c o r t i s o l  and p r o l a c t i n )  p ro d u c in g  a p a r t i c u l a r  response ;  the e n t r a i n i n g  
mechanisms o f  the  hormone rhy thms;  and the  seasonal t ime i n t e r v a l s  from 
e n t r a i n i n g  agent to  hormone re le a s e .
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APPENDIX 1 




Ovine p r o l a c t i n  mas l o d ln a t e d  In e s s e n t i a l l y  th e  same manner f i r s t  
p u b l i s h e d  by Greenwood and o t h e r s  (1963) .  However, because se ve ra l  
m o d i f i c a t i o n s  have been added by A r lmura  (Veterans  H o s p i t a l ,  New 
O r le a n s ,  L o u is ia n a )  and t h i s  l a b o r a t o r y ,  the  e n t i r e  p r o to c o l  Is g iv e n  
below. A 10 x 75 mm d is p o s a b le  c u l t u r e  tube served as r e a c t i o n  v e s s e l .
To t h i s  vesse l  the f o l l o w i n g  r e a c ta n t s  were added in  sequence:
1 . 25 yul 0 . 1  M HC1
2, 1 mCi Na , 2 5 l In 25 jul 0 . 1 M NaOH (New England N uc lea r  NEZ-033)
3. 25 A il  0 .5  M phosphate  b u f f e r  (add 0 .5  H NaH2P0ji( t o
0 .5  M NajHPO^ to  pH 7-6)
U.  25 o l  o v in e  p r o l a c t i n  (N IH -P-S- IO)  ( I  mg p r o l a c t i n  tn  5 ml HjO)
5. 25 n l  c h lo ra m ln e  T (1 mg/ml 0 .05  M phosphate b u f f e r  pH 7 -6 )
6. The r e a c t i o n  vesse l  was g e n t l y  shaken f o r  60 s
7. 50 >j 1 ( 2 . * *  mg/ml 0 .05  M phosphate b u f f e r  pH 7 -6 )
8. 100 ajI hea t  t r e a t e d  (56°C f o r  30 mln)  human serum
Im m ed ia te ly  a f t e r  add ing  the  serum, th e  c o n te n ts  o f  the r e a c t i o n  
vesse l  were p i p e t t e d  o n to  a ge l  chromatography column (B io -G e l  P* 60) 
which  had p r e v i o u s l y  been washed w i t h  0 .02 M b o ra te  b u f f e r  ( a d ju s t  0 .02  H 
Na2Bjj0y. 10 H2O w i t h  12 N HCl t o  pH 8 . 5  and add 0.1 g/1  m e t h i o l a t e )  and 
charged w i t h  2 0 0 ju 1 heat  t r e a t e d  human serum e l u t e d  th ro u gh  the  column 
w i t h  b o r a te  b u f f e r .  The c o n te n ts  o f  the r e a c t i o n  vesse l  were washed 
th rough  the column w i t h  b o ra te  b u f f e r  and 0 .5  ml f r a c t i o n s  were c o l l e c t e d  
In tubes  c o n t a i n i n g  1 ml 1% BSA (Bov ine Serum A lbum in ,  Sigma f r a c t i o n  V) 
b o ra te  pH 8 . 5 . The ge l  co lumn, b u f f e r s ,  f r a c t i o n  c o l l e c t o r  and 
c o l l e c t i n g  tubes were p re coo le d  and m a in ta in e d  a t  a p p ro x im a te ly  *f°C 
d u r in g  the ch ro m a tog ra p hy .
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Ten ajI a l l i q u o t s  f rom the  c o l l e c t i n g  tubes were added t o  10 ml 
s c i n t i l l a t i o n  c o c k t a i l  and counted  on a s c l n t l 1l a t t o n  c o u n t e r .  Two 
d i s t i n c t  peaks o f  coun ts  were o b t a in e d ;  f r a c t i o n  tubes c o n t a in i n g  the  
f i r s t  peak ( u s u a l l y  tubes 3 and 4) he ld  the  Im m u n o lo g ic a l l y  a c t i v e  
i o d ln a te d  p r o l a c t i n .  The second peak ( u s u a l l y  tubes 10 and 11) he ld  
the Io d in e  s a l t s .
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PROLACTIN RADIOIMMUNOASSAY
The o r ig in a l  model fo r  the p r o l a c t in  radioimmunoassay used In
th is  d i s s e r t a t i o n  (s tud ies  t ,  3 and k )  was f i r s t  published by A ra l  and
Lee 0 9 6 7 ) .  However, the assay has been considerably  modified and 
th e re fo re  the e n t i r e  protocol Is given below.
Samples were assayed In d u p l i c a t e  in  10 x 75 mm d is p o s a b le  c u l t u r e  
tubes .  Each g roup  o f  48 tubes (maximum c e n t r i f u g e  load)  Inc luded  
d u p l i c a t e  ( i n  some cases t r i p l i c a t e )  z e ro  p r o l a c t i n  tubes (P R L"0 ) , 
n o n s p e c i f i c  p r e c i p i t a t i o n  tubes (NSP) and r e fe r e n c e  s ta n d a rd  tubes 
(serum p o o l ) .  A t o t a l  coun t  t r i p l i c a t e  (TCT) was a l s o  counted to  
d e te rm in e  th e  p e rce n t  b in d in g  o f  the  p r o l a c t i n  l 2 ^ |  and the a n t i f i s h  
p r o l a c t i n  a n t i b o d y  (PRL-0/TCT x 100).  A l l  o f  the f o l l o w i n g  d i l u t i o n s  
were made w i t h  1$ bov ine  serum a lbum in  in  0 .02  M phosphate  b u f f e r  (add
0 .02  M NaHjPO^ t o  0 .02  M Na2HP0j, to  pH 7 .6 ,  add .1 *  a z l d e ) .  Serum
samples and re fe re n c e  s tan d a rd s  were d i l u t e d  1:40. The a n t l f l s h  
p r o l a c t i n  a n t i s e ru m  ( A j , Emmart - McKeown Lot #32) was d i l u t e d  1 :100 .
The goa t  a n t l r a b b l t  gamma g l o b u l i n  (A ^ t Cappel L a b o r a t o r i e s )  was d i l u t e d  
1:5 and the heat t r e a t e d  normal r a b b i t  serum (ANRS) was d i l u t e d  1:100.
The lo d f n a t e d  p r o l a c t i n  was d i l u t e d  as r e q u i r e d  t o  o b t a in  8000 cpm/IOO 
Ai l .  The r e a c ta n t s  were added In the sequence g iv e n  In Tab le  1. The 
in c u b a t io n  was done a t  4°C, e xce p t  f o r  s h o r t  p e r io d s  d u r in g  the a d d i t i o n  
o f  r e a c t a n t s .  A f t e r  9 days o f  i n c u b a t io n  the  tubes were c e n t r i f u g e d  
and the s u p e rn a ta n t  d i s c a rd e d .  Any r e s id u a l  l i q u i d  In the tube was 
removed by paper a b s o r p t i o n .  The re m a in ing  p r e c i p i t a t e  was d i s s o l v e d  
by the  a d d i t i o n  o f  100 u \  0.1 N NaOH, then  1 .0  ml o f  d i s t i l l e d  w a te r  
was added and the tube shaken on a v o r t e x  m ix e r .  One ml o f  the r e s u l t i n g
s o l u t i o n  was removed and added t o  10 ml s c i n t i l l a t i o n  c o c k t a i l  
(750 ml t o l u a n e ,  250 ml T r i t o n  X-100, k  g PPO). T h is  m ix tu r e  was shaken 
t o  c l e a r ,  a l lo w e d  t o  s i t  In the d a rk  f o r  2 k  h and counted on a l i q u i d  
s c i n t i l l a t i o n  c o u n te r  (Beckman LS-I00C) The p e rc e n t  b in d in g  o f  the  
l o d ln a te d  p r o l a c t i n  and the a n t l f l s h  a n t i b o d y  (A^) was a p p ro x im a te ly  50%. 
The n o n s p e c i f i c  b in d in g  (NSP <  3% TCT) and quench ing  remained c o n s ta n t  
th ro u g h o u t  the  assay and no c o r r e c t i o n s  were a p p l i e d  t o  the  o r i g i n a l  
c o u n ts .  D u p l i c a t e  samples were averaged and the  r e s u l t i n g  d a ta  were 
s u b je c te d  t o  a s t a t i s t i c a l  a n a l y s i s  o f  v a r ia n c e .  F ish  p r o l a c t i n  was 
n o t  a v a i l a b l e  as a s ta n d a rd  so no p r e c i s e  q u a n t i t a t i v e  da ta  c o u ld  be 
o b ta in e d .  However, a l l  d a ta  were r e f e r r e d  t o  the  r e fe re n c e  s tanda rd  t o  
de te rm in e  r e l a t i v e  changes In p r o l a c t i n  l e v e l s .
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TABLE 1
F is h  P r o l a c t i n  Radlolmmunoassay P ro to c o l
DAY I TCT NSP-1 NSP-2 STD PRL»0
BSA B u f f e r  — - 500a - - -  500
Sample ----- ----- ----- ----- -----
Ref .  STD - - -  —  500 500
A, — - - - -  - - -  100 100
DAY I*
PRL-J25I 100 100 100 100 100
PAY 7
A2 —  100 100 100 100
ANRS —  100 100 100 100
DAY 10







A l l  va lu e s  g iv e n  in  Ail.
APPENDIX 2 
A S a l i n i t y  G ra d ie n t  Device f o r  
T e s t i n g  S a l i n i t y  P re fe re n c e  in  F ish
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A m o d i f i e d  S taa land  d e v ic e  ( S ta a la n d ,  1969) was used f o r  t e s t i n g  
s a l i n i t y  s e l e c t i o n  In  G u l f  k l l l i f l s h ,  Fundulus g r a n d l s . The S taa land  
d e v ic e  is a p a r t i t i o n e d  aquar ium in  w h ich  a q u a t i c  a n im a ls  a re  p resen ted  
w i t h  a h o r i z o n t a l  s e r i e s  o f  graded s a l i n i t i e s  ( F i g .  6 ) .  The graded 
s a l i n i t i e s  a re  separa ted  by d i s c o n t i n u i t y  la y e rs  o r  I n t e r f a c e s  formed 
as a r e s u l t  o f  the  d e n s i t y  d i f f e r e n c e s .  There i s  an a b ru p t  change in  
s a l i n i t y  a t  each t r a n s i t i o n  l a y e r .  E xpe r im en ta l  a n im a ls  a re  thus g iv e n  
a ch o ice  among a g r a d a t i o n  o f  s a l i n i t i e s  ( i . e . ,  2,  8 ,  I**, 21, 28 ,35° /oo )  
w i t h  a d i s t i n c t  o p t i o n  between p a i r s  o f  s a l i n i t i e s  a t  each I n t e r f a c e .  
A l b e r t  J .  F I v l z z a n i  (L o u is ia n a  S ta te  U n i v e r s i t y )  and I added seve ra l  
m o d i f i c a t i o n s  t o  the c o n s t r u c t i o n  and f i l l i n g  p rocedu res  o f  the o r i g i n a l  
S taa land  d e v ic e .  The g r a d i e n t  used in  t e s t i n g  s a l i n i t y  s e l e c t i o n  In 
Fundulus g r a n d l s  (S tudy 2) was a s i x  compartment chamber. The end p ieces  
and b a f f l e s  were c o n s t r u c te d  o f  b la c k  p l e x i g l a s s ;  th e  f r o n t ,  back ,  and 
bo t tom  p ie ce s  were c l e a r  p l e x i g l a s s .  In p r e l i m i n a r y  s t u d i e s ,  I t  was 
d e te rm in e d  t h a t  a f i s h  r e q u i r e d  c o n s id e r a b le  t ime ( a p p ro x im a te ly  30 mln) 
t o  l e a r n  the  way p a s t  b a f f l e s  o f  a g r a d i e n t  chamber c o n s t r u c te d  o f  
c l e a r  p l e x i g l a s s .  The use o f  b la c k  b a f f l e s  e l i m i n a t e d  much o f  the 
t r i a l  and e r r o r  b e h a v io r  no ted  in  a l l  c l e a r  p l e x i g l a s s  chambers. T h is  
a l l o w e d  the f i s h  t o  move r a p i d l y  from one compartment  t o  a n o t h e r .  A 
s i l a s t i c  m ed ica l  grade t u b in g  ( . I 3 2 I D  x .18300 Dow C orn ing )  w i t h  h igh  
oxygen p e r m e a b i l i t y  ( L e b o v l t s ,  1966) was a f f i x e d  a lo n g  the  I n s id e  o f  
the  back w a i l  f o r  th e  l e n g th  o f  the g r a d i e n t .  The t u b in g  was b locked  
a t  one end o f  the  g r a d i e n t  and oxygen under p re s s u re  ( 8 p s l )  was fo rc e d  
in  a t  the  o th e r  end. T h is  system m a in ta in e d  d is s o l v e d  oxygen l e v e l s  
w i t h i n  2 ° /o o  o f  s a t u r a t i o n  in  a l l  compartments ove r  a k  day p e r io d  
d u r in g  wh ich  a la rg e  Fundulus g r a n d l s  was t e s t e d .  The S taa land  d e v ice
56
was f i l l e d  so t h a t  compartment one c o n ta in e d  w a te r  o f  2 ° /o o  s a l i n i t y  and 
compar tments two th ro u g h  s i x  he ld  w a te rs  o f  8 ,  14, 21, 28 and 3 5 ° /o o ,  
r e s p e c t i v e l y .  The s a l i n i t y  g r a d i e n t  was formed by f i r s t  f i l l i n g  each 
compartment t o  the top  edge o f  the  lower b a f f l e  w i t h  w a te r  o f  the  d e s i r e d  
s a l i n i t y .  Low s a l i n i t y  w a te r  ( 2 ° /o o )  was then added t o  the f i r s t  
compartment caus ing  I t  t o  f l o w  o v e r  i n t o  the  second compartment which  
in t u r n  f lowed w a te rs  ( 8 ° / o o )  ove r  i n t o  the  t h i r d  compartment ( l 4 ° / o o )  
and so on down the l e n g th  o f  the  chamber. As a t r a n s i t i o n  l a y e r  approached 
the  edge o f  e i t h e r  upper o r  lower b a f f l e ,  w a te r  o f  the a p p r o p r i a t e  
s a l i n i t y  was s lo w ly  siphoned I n t o  one o f  the  compartments t o  p re ve n t  
m ix in g  o f  d i f f e r e n t  s a l i n i t i e s  and t o  r e t u r n  the  l a y e r  t o  i t s  p ro pe r  
p o s i t i o n  { a p p ro x im a te ly  3/** o f  the  d i s t a n c e  up the  lower  b a f f l e ) .
The chamber was f i l l e d  t o  a l e v e l  s u f f i c i e n t  f o r  the f i s h  t o  swim 
o ve r  the  lowsr  b a f f l e  ( a p p ro x im a te ly  6 cm ove r  the  lower b a f f l e ) .  F ish  
moving th ro u gh  the g r a d i e n t  would  d i s t u r b  the  t r a n s i t i o n  la y e rs  bu t  the  
la y e r s  would n o rm a l l y  r e e s t a b l i s h  them se lves .  However, some m ix in g  d id  
o c c u r .  When the s a l i n i t y  In any compartment d i f f e r e d  by more than 2 ° /o o  
from the  o r i g i n a l  s a l i n i t y ,  the  e n t i r e  chamber was d ra in e d  and a new 
g r a d i e n t  was e s t a b l i s h e d .  The g r a d i e n t  co u ld  n o r m a l l y  be used f o r  
2 t o  It days o f  t e s t i n g  b e fo r e  need ing t o  be r e e s t a b l i s h e d .
I n d i v i d u a l  f i s h  were te s te d  In  th e  s a l i n i t y  g r a d i e n t  f o r  a 24 h
p e r io d .  D ur ing  t h i s  t im e ,  the  same p h o to p e r lo d  regime to  w h ich  the  f i s h
had been a c c l im a te d  was m a in ta in e d  w i t h  the  e x c e p t io n  t h a t  dim l i g h t  
2
( < 2 Im/cm ) was s u b s t i t u t e d  f o r  t o t a l  d a rkne ss .  The f i s h  was p laced  
in  the f i r s t  chamber, w h ich  he ld  the  a c c l i m a t  ion s a l i n i t y  ( 2 ° / o o ) , a t  
the  b e g in n in g  o f  the l i g h t  p e r io d  (0 800 ) .  Photographs o f  the  f i s h ' s  
p o s i t i o n s  In the s a l i n i t y  g r a d i e n t  were taken e v e ry  30 min th ro u g h o u t
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the  day w i t h  a N ikon F camera equipped w i t h  a motor  d r i v e  and I n t e r v a l  
t i m e r .  i n  a d d i t i o n  t o  the  s a l i n i t y  g r a d i e n t ,  a d i g i t a l  c l o c k  was 
in c lu d e d  in  the  cam era 's  f i e l d  t o  a l l o w  f o r  r a p id  c o r r e l a t i o n  o f  the  
f i s h ' s  s a l i n i t y  s e l e c t i o n  and the  t im e  o f  day. C o n s t r u c t i o n  paper 
was s t r u n g  on a framework from th e  camera t o  the s id e s  o f  the  g r a d i e n t .  
T h is  a l l o w e d  the  camera t o  be approached w i t h o u t  d i s t u r b i n g  th e  f i s h .  
Camera se tups were changed tw ic e  a day: once when the  f i s h  was p laced 
in the g r a d ie n t  (0800) ,  and ag a in  a t  the b e g in n in g  o f  the d a rk  phase 
o f  the  p h o to p e r lo d .  The room was no t  e n te red  a t  any o th e r  t ime d u r in g  
an e x p e r im e n ta l  i n t e r v a l  { 2 k  h ) . P i c t u r e s  were taken on T r i - X  (Kodak) 
f i l m  a t  an ASA o f  3200, F5.6  and a t  speeds o f  i / 2 5 0  s and 1 s ( l i g h t  
and " d a r k "  p e r io d s ,  r e s p e c t i v e l y ) .  The f i l m  was developed c o m m e rc ia l l y  
and c l e a r l y  showed the f i s h ' s  p o s i t i o n s  d u r in g  the day and n ig h t  when 
p r o je c t e d  w i t h  a f i l m s t r i p  v ie w e r .
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F ig .  6. S taa land  d e v ic e  used f o r  t e s t i n g  s a l i n i t y  p re fe re n c e  
in a q u a t i c  o rgan isms.  The upper d iagram Is a $ / k  
v iew  o f  an empty chamber. The lower d iagram 
i l l u s t r a t e s  a f r o n t a l  v ie w  o f  a f i l l e d  chamber.
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